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@ Method of detecting a polynucleotide sequence and labelled polynucleotides useful therein. 

@ A method of detecting nucleic acid sequences is disclosed 
and enzyme-labelled reagents for use therein. According to the 
invention sample polynucleotide is first hybridised with a polynuc- 
leotide probe comprising a nucleic acid sequence complemen- 
tary to that which is to be detected, and having a polynucleotide 
tail, preferably a single stranded poly(dA) or poly(dT) tail. Follow- 
ing attachment of the probe to the sample, an enzyme-containing 
marker, is attached to the probe, the marker comprising a 
polynucleotide having a single-stranded portion, to the base 

^ groups of which is or are attached one or more enzymatically 
active groups, and a polynucleotide tail which can be attached to 
the probe by annealing or hybridisation. Preferably the marker 
has a single-stranded polynucleotide tail complementary to that 
on the probe whereby the marker can be attached to the probe by 

W a second hybridisation step. Presence of the sequence to be 

^ detected is confirmed by testing the labelled sample for any 
enzyme related activity. 
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Method of Detecting a Polynucleotide Sequence 
and Labelled Polynucleotides useful therein 

Field of the invention 

This invention is in the fields of medical diagnostics and bio- 
technology. It relates to a method of detecting gene sequences- It is 
capable of distinguishing between sequences differing by only one base-pair. 
It will therefore be useful in the detection of genetic disorders, and viral 
5 infection and in the identification of bacteria with regard to their antibiotic 
resistance. It includes labelled polynucleotides useful in the method and 
diagnostic kits containing labelled polynucleotides. 

Eyescription of prior art 

10 

Many procedures employed in biomedical research and recom- 
binant DNA technology rely heavily on the use of polynucleotides radio- 

3 32 
actively labelled, usually with isotopes of hydrogen ( H), phosphorus ( P), 

carbon (^*C), or iodine (^^^l). Such radioactive compounds provide useful 

15 indicator probes that permit the user to detect, monitor, localize, or isolate 

nucleic acids and other molecules of scientific or clinical interest, even 

when present in only extremely small amounts. To date, radioactive 

materials have provided the most sensitive, and in many cases the only, 

means to perform many important analytical tests. There are, however, 

20 serious limitation and drawbacks associated with the use of radioactive 

compounds. First, since personnel who handle radioactive material can be 

exposed to potentially hazardous levels of radiation, elaborate safety 

precautions must be maintained during the preparation, use and disposal of 

the radiostopes. Secondly, radioactive nucleotides are extremely expensive 

25 to buy and use, in large part due to the cost of equipment and manpower 

necessary to provide the appropriate safeguards, producer/user health 

monitoring services, and waste-disposal programs. Thirdly, in order to 

achieve the necessary sensitivity, radioactive materials of high specific 
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activity must be used. This implies a correspondingly short half-life and 
therefore a limited shelf -life, which further increases costs. 

In view of the above problems encountered with radiolabeiling, 
other kinds of label have been tried. Thus D.C. Ward and his colleagues at 
Yale University attached biotin groups c±iemically to deoxy ribonucleotides 
and introduced these nucleotides into DNA by nick translation. From this 
biot in-labelled ds-DNA they prepared single-stranded DNA having a se- 
quence complementary to a DNA sequence to be detected, and contacted 
the resultant biotin labelled probe DNA with the DNA sequence to be 
detected und«r hybridisation conditions. To detect hybridisation use was 
made of a biotin/anti-biotin, biotin/avidin or similar interaction. The avidin 
cr anti-biotin is then labelled, e.g. by fluorescence or enzymatically. See 
Europeein Patent Specification 63879 (Yale University), P.R. Langer, A.A. 
Waldrop and D.C. Ward, Proc. Natl. Acad.5ci USA 79 6633-6637 (1981) and 
Singer and D.C. Ward, ibid 79 3331-7335 (1982). One problem with this 
method is that the number of biotin groups whidi can be introduced is 
limited. It is quoted in the Patent Specification as from 10-100 biotin groins 
per kilobase. At all events, the preferred method of labelling involves 
amplifying the signal. Rabbit anti-blot in IgG is coiq>led to from 15 to 20 
hapten (DNF) groups. An antibody is then raised to the DNP- This antibody 
can be biot in-labelled and the "sandwich" repeated. The final IgG is 
fluorescently or enzymatically labelled- Another problem with this method 
is that eadi individual probe appropriate to cfetecting one sequence is 
modified to introduce the biotin groups, and thence the label. In other 
words, labelling is ^ecific to the end-use and not "universkl". 

In GB-A- 2 019 408 an allegedly general technique is disclosed 
for the detection of a given nucleotide sequence in a polynucleotide and 
whidi comprises hybridizing the polynucleotides with a probe comprising a 
nucleic acid sequence complementary to the sequence to be detected and in 
which the probe is "chemically modified" for coupling with an enzyme, the 
subsequent attachment and detection of which is used to indicate the 
presence, or absence, of the given sequence in the original sample. In 
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practice, the only method disclosed for the chemical modification of the 
probe and attachment of the enzyme is via an avidin/biotin complex; thus in 
terms of its technical teaching the method of GB-A-2 019 *08 is the same as 
that proposed by Ward et al in EP-A-0063879. 

Although the technique disclosed in GB-A-2 019 MS is allegedly 
a universal technique involving a two-stage marking of the sample, e,g. 
initial hybridisation of the sample with the chemically modified probe, i.e. 
the biotinised polynucleotide, followed by attachment of the enzyme in the 
form of an avidin/enzyme complex, in practice the method is extremely 
difficult to carry out with any degree of success and the results obtained are 
extremely variable. The method is therefore extremely unreliable and does 
not provide any basis for polynucleotide sequence detection to be carried 
out as a matter of routine 

The mapping of genes in ciiromosomes is another field in which 
DNA sequences are detected. Recent papers include a review by F.H. 
Ruddle, Nature, 29» 115 (1981) and a description of gene mapping of 
Drosophila chromosomes, by M. Wu and N. Davidson, Proc. Natl. Acad. 
Sci.USA 78 7059-7063 (1981). Spherical particles of gold, visible by electron 
microscopy, were prepared as a colloidal sol. Bovine serum albumin was 
absorbed onto their surfaces- To crosslink DNA to the BSA-coated particles, 
photoactivable nitrene groups were covalently bonded, by amide bonds, to 
the groups of the BSA. Single-stranded DNA was attracted electrostatically 
to the gold particles, which at pH h are positively charged. By photolysis of 
the nitrene groups the DNA was covalently linked to the BSA and thence to 
the gold spheres. Poly(dT) tails were added to the DNA by terminal 
deoxy nucleotidyl transferase (hereinafter called "TdT")-catalysed addition 
of thymidine nucleotides. Separately, cloned double-stranded DNA con- 
taining a Drosophila gene sequence was prepared, 3'-end poly (dA)-tailed and 
denatured to single-stranded DNA. This poly {dA)-t ailed "stock DNA" was 
hybridised to Drosophila polytene chromosomes on a glass slide. Finally, the 
resultant polytene chromosome/poly(dA)-tailed stock DNA duplex was hybri- 
dised at its poly (d A) tail to the poly (dT) tail of the gold sphere-labelled 
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DNA. The squash of Drosophila polytene chromosomes, bearing their gold 
sphere label, was then studied under the electron microscope. 

Steps towards the linking of DNA to a protein capable of binding 
to a specific receptor on the surface of a cell have been taken by Cheng, 
G.T. Merlino and LH.Pastan, Nucleic Acids Research JJ_ 659-668. These 
authors have linked the alpha (2)-macroglobulin protein to DNA by the steps 
of (1) tailing the DNA with dG, (2) reacting unpaired guanine bases with N- 
acetyl N'-(p-glyoxylylbenzoyl) cystamine in the presence of borate, thus 
generating a side-diain of formula: 

-CO-NH-{CH2)2-S-S-(CH2)2-NHCOCH3, 

(3) reductively cleaving the S-S bond with dithiothreitol, to geneate a side- 
chain having a sulphydryl group, of formula: 

-CO-NH-(CH2)2-SH 

(*) making a derivative of the alpha (2)-macroglobulin and reacting it with 
the sulphydryl group-bearing DNA. 

EP-A-0 070 685 (Standard Oil Company), published 26 January 
1983, outlines a method of assaying a polynucleotide sequence, for example 
in a gene, in \s^ich the sample polynucleotide, in ss-form, is contacted under 
hybridisation conditions with two polynucleotide reagents complementary to 
different porticHis of the sample polynucleotide. The first reagent has 
attached to it a catalyst for chemiluminescent reaction and the second 
reag^t has an absorbs /emitter, whereby it absorbs light produced from a 
chemiluminescent reaction and emits light of longer wavelength- It is 
si^gested that the catalyst could be peroxidase, to catalyse the oxidation of 
luminol by hydrogen peroxide, and the absorber/emitter could be porphyrin- 
The sample polynucleotide, with the first and second polynucleotide re- 
agents (hybridised thereto when the sample is indeed of the susfjected 
sequence), is then contacted with the diemiluminescent reagait, e.g. 
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luminol/H202^ and the emitted light is measured. This patent specification Is 
an unusual document, containing no working examples. Page 1^ suggests that 
the chemiluminescent catalyst, such as peroxidase, should be coupled to the 
5'-end of the first reagent by means of a short oligonucleotide linker 
segment- The segment would contain an aminohexane-adenosine nucleus at 
its 5' terminus followed by a short sequence of ^ to 6 adenosine or thymidine 
nucleotides. The linker segment is to be attached to the 5'-terminus of the 
reagent through **the appropriate use of basic ligation reactions". 

Another assay employing a polynucleotide reagent labelled with 
a "light label" such as a chemiluminescent catalyst, e.g. peroxidase or 
luciferase, is proposed in European Patent Specification 706S7 (Standard Oil 
Company), which gives even less information as to how to attach the 
chemiluminescent catalyst to the reagent. It is said, vaguely, on page 6 that 
the light labels can be attached to any point on the reagent, but that 
terminal posit icffis are more desirable. There is no further information, i.e. 
no working example and no prior art reference, explaining what is intended. 

Summary of the invention 

The present invention is based on the finding that enzymes can 
be linked by wholly chemical bonds to the base groups of single-stranded 
polynucleotides and that the resulting pendant enzyme groups retain consi- 
derable enzymatic activity. Moreover, the enzyme-labelled single-stranded 
polynucleotide can be provided with means whereby it can be readily 
attached to a variety of other polynucleotides, especially to a poly- 
nucleotide containing a single-stranded sequence of nucleotides comple- 
mentary to a polynucleotide sequence to be detected. For example, suppose 
it is desired to detect whether a clinical specimen contains an abnormal 
sequence "W" of DNA. DNA fragments, produced by restriction endo- 
nuciease digest icm, are contacted under hybridisation conditions with a 
polynucleotide probe containing a polynucleotide sequence ^ W" comple- 
mentary to "W" and provided with a poly(dT) or poly (dA) tail. A "marker" 
polynucleotide, which can be any conveniently obtainable single-stranded 
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DNA, is enzyme-labelled, preferably with horseradish peroxidase, and is 
giv&n a poly (dA) or poly (dT) tail. The polynucleotide probe and the enzyme- 
labelled marker polynucleotide are hybridised, whereby poly (dA) or (dT) 
sequences in the tail of the enzyme-labelled marker polynucleotide hybridise 
to the poly (dT) or (dA) sequences respectively, in the tail of the poly- 
nucleotide probe. If the DNA sequence "W" to be detected was indeed 
presrat in the specimen, "W" will have hybridised to the complementary 
sequence " c W" of the probe. Since the probe is hybridised to the marker 
polynucleotide and since the marker polynucleotide is enzyme-labelled, the 
hybridisation of "W" will be indicated by enzymatic activity being found in 
the washed product. 

Accordingly, the present inventim provides: 

(1) a polynucleotide (hereinafter called "a marker or enzyme-labelled 
polynucleotide") comprising a single-stranded portion in which oizymatically 
active groups are chemically linked to the base groups of the single-stranded 
portion of the polynucleotide"; 

(2) a marker polynucleotide as defined under (1) further comprising a 
polynucleotide tail, preferably a single-stranded polynucleotide tail whereby 
it may be attached, e.g. by hybridisaticxi or annealing, to a sequence whicii 
will usually be a complementary sequence on a second polynucleotide 
(hereinafter called a "polynucleotide probe"); 

(3) a method of detection of a polynucleotide sequence, especially of a DNA 
or RNA sequence, and most especially of a DNA secpjence derived from a 
clinical specimen, the presCTce or absence of which in a sample is 
suspected, whicJi method comprises (a) contacting the sample with a 
polynucleotide probe comprising a single-stranded polynucleotide sequence 
complementary to the sequence to be detected under hybridisation condi- 
tions, (b) before or after said contact under hybridisation conditions 
attaching the polynucleotide probe to an enzyme-labelled marker poly- 
nucleotide as defined under (1) or (2), preferably by hybridisation between a 
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single stranded polynucleotide tail on the probe and a complementary single- 
stranded polynucleotide tail on the marker, and (c) detecting the presence or 
absence of enzyme-associated (hereinafter "enzymatic") activity in the 
sample; and 

(*) a diagnostic kit comprising: 

(a) a polynucleotide probe as defined under (3) above; and 

(b) an enzyme-labelled marker polynucleotide as defined under (1) or (2). 

The term "polynucleotide" is used herein to cover DNA, RNA and 
other connected nucleosides. In the context of the probe, factors relevant to 
the minimum chain length are the stability of the hybrid which is to be 
formed with the sequence to be detected and the probability of the sequence 
occuring in some other region of the genome (or other polynucleotide) than 
that which is under investigation. However, generally stated, the probe will 
have a chain of length at least 12-16 base-pairs (or bases of a single strand), 
excluding any polynucleotide tail sequences. A usually preferred range would 
be from 14 to 20. Thus the polynucleotide probe, before tailing, is typically 
an "oligonucleotide" (which term is included within the term "polynucleo- 
tide" for the purposes of this specification). The terms poly(dA), (dT), (dC), 
(dG), etc- applied to tails, cover any length of tail effective to bring about 
hybridisation with a complementary tail. Tail lengths of from 20 to 400 
nucleotides are typical. The marker polynucleotide could in principle also 
have a short chain length, but ordinarily a length of at least 2.5 and more 
preferably at least 5 kilobases would be desirable. The minimum chain 
length depends mainly on the number of enzyme groups which can be 
incorporated and the sensitivity of the means ultimately used to detect the 
enzyme. 

Detailed Description 

Important preferred features of the invention as summarised 
above are as follows- The marker polynucleotide is provided with a single- 
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strand tail of a homopolymer sequence, for example poly(dT), and the probe 
is provided with a complementary single-strand tail, for example polyCdA), 
whereby the attachment of the probe to the enzyme-labelled polynucleotide 
is by hybridisation. Complementary heterogeneous tails can be used on the 
marker and the probe but obviously homogmeous tails are preferred- Other 
methods of attachment can be contemplated, including the use of sticky- 
ended ds-DNA tails and blunt-ended ligatic»i. 

In the method of detection it is pref^red first to ccHitact the 
sample with the polynucleotide probe defined under (2) above under hybri- 
disation conditions, i.e, the cmtact is effective to bring about hybridisation 
if the sample does indeed contain the sequence to be detected. Subse- 
quently the resultant duplex product is hybridised to the enzyme-labelled 
polynucleotide. This order is at present preferred because the first- 
menticMied hybridisati<Mi normally requires more stringent conditions, whicii 
might effect the enzyme label adversely. However, the method as defined 
under (3) above covers the alternative possibility of first hybridising (or 
otherwise linking) the polynucleotide probe defined under (2) to the enzyme- 
labelled polynucleotide, to fcH-m an ^zyme-labelled probe and thereafter 
contacting this enzyme-labelled probe with the sample under hybridisation 
conditions. 

The inventicKi is preferably practised using a glycoproteinaceous 
enzyme, e.g horseradish peroxidase, and linking it to amino groups in the 
base groups of the polynucleotide (especiaUy at dA, dC or dG). The invention 
provides (5) a method of labelling a polynucleotide with a glyco- 
proteinaceous mzyme, especiaUy horseradish peroxidase, whicJi method 
comprises oxidising the enzyme to convert cis-glycol linkages to aldehyde 
groups, reacting the oxidised enzyme with the polynucleotide to form 
Schiffs base linkages (-N=CH-) between amine groups of nucleotides and 
aldehyde groiq>s of the oxidised mzyme, and reducing the Sciiiffs base 
linkages (to yield -NH-CH2-or N-CHj-Iinkages). Reduction can be carried 
out with a borohydride or cyanoborohydride reducing agent. 
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The complete reaction sequence is as follows: 
REACTION SCHEME A 

5 



em 
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where formula (1) represents horseradish peroxidase (HRPO) and 
showing one of the glycollic groups therein and formula (3) represents a 
Iragth of single-stranded polynucleotide (PNU) and showing one of the base 
groups of the nucleotide, in this case, and purely illustratively, an adenyl 
group, although it could equally well be a guanine or cytosine residue. 
Moreover, as will be seen from formula (2) the oxidation of the glycollic 
groups in the enzyme yields two aldehyde groups both of which can react 
with free amino groups in the nucleotide bases to form Schifrs bases which 
are subsequently reduced by reacticffi with sodium borohydride. Thus 
although the reaction scheme merely illustrates linking of the HRPO to one 
PNU base for the sake of clarity, the possibility exists for the HRPO to link 
to two PNU bases in the same or different PNU chains. 

A similar method, but for attaching HRPO to antibodies (IgG or 
Fab), was described by M.B. Wilson and P.K* Nakane in "Immunofluorescene 
and related staining techniques", ed W. Knapp et al., publ. Elsevier /North 
Holland Biomedical Press 1978, pages 215-224. However, in heaviiy-labeUed 
conjugates the antibody lost a great deal of specific antibody activity. It 
was jtherefore, uncertain whether the introduction of the enzyme would 
have an adverse effect on a DNA molecule, for example in terms of loss of 
enzyme activity after hybridisation, and it was also unpredictable whether a 
sufficiait numb^- of enzyme molecules could be attached to a DNA 
backbone to impart adequate enzyme activity to a probe, bearing in mind 
particularly that approach of a substrate to the enzyme might be expected 
to be highly sterically hindered. Fortunately, however, this enzyme- 
labelling procedure is successful. It is estimated that typically at least 5 
and preferably at least 20, enzyme residues, especially HRPO ones, can be 
introduced per kilobase length of the marker polynucleotide. Possibly one 
enzyme residue could be linked to more than one molecule of poly- 
nucleotide- 

In the present inventlcxi, the enzymes are attached via the 
nucleotide bases, in contrast to the suggestions about terminal attachment 
made in the above-mentioned European Patent Specifications 70685 and 
70687, 
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The high degree of retention of enzyme activity and high degree 
of enzyme incorporation means that as smaii an amount as 10 attomoles ( 1 
attomole = 10" mole) of a given sequence is detectable by the method of 
the invention. This is the quantity of a single copy gene which can be 
obtained by amniocentesis from a 16-week old foetus or 10 ml of blood from 
an adult. DNA can also be obtained from chorionic villi, see R. Williamson 
et al.. The Lancet 2, 1125 (1981). All other applications of the method of 
the invention are likely to be less demanding on sensitivity. 

The invention is of particular interest in the detection of 
particular sequences of a genome, especially in the diagnosis of disorders of 
human haemoglobin genes. A common disorder is sickle cell anaemia found 
predominantly in black people of West African descent. This genetic 
disorder consists of a point mutation in the beta-globin gene in which an 
adenine group is replaced by a thymine one, with the result that the 
defective gene containes the GTG codon for valine instead of the GAG 
codon for glutamate. A first step in identifying the disorder is to make a 
blot of appropriate DNA fragments. Thereafter, a labelled polynucleotide is 
contacted with the fragments under hybridisation conditions and the frag- 
ments then become labelled if hybridisation has taken place. 

One method of preparing appropriate DNA fragments involves 
use of a restriction enzyme which acts on the normal beta-globin gene but 
not on the defective one. For example, the enzyme Dde I recognises the 
foUowing underlined sequence in the rwrmal gene but not the counterpart 
sequence of the defective gene: 

CCT GAG GAG normal gene 

CCT GTG GAG defective gene 

Thus, fragments of the beta-globin gene are further restricted by Dde I, 
subjected to gel electrophoresis and transferred to a blotting paper, such as 
nitrocellulose or diazobenzyloxymethyl paper. At some stage the DNA is 
denatured to single-stranded form. Individuals having completely normal 
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beta-globin genes show cleavage of all the appropriate DNA into two 
smaller fragments, whidi can conveniently be called "V" and "W". Those 
having sickle cell trait, in whicii one beta-globin gene is normal and the 
allele has a defective beta-globin gene, show some "W", i^e. uncleaved, 
DNA, as weU as V and W individuaUy. Sickle ceU indivduals give rise to no V 
or W, but wholly VW DNA. By appropriate use of probes complementary to 
the V fragments but not the W, and W fragments but not the V, these various 
conditions can l>e distinguished- Thus R.F. Geever et al., Proc. Natl. Acad- 
Sci. U.S.A., 78, 5081-5085 (1981) described one such method using radio- 
labelled probes. 

Another method of producing appropriate DNA fragments has 
recently been described by Conner et al., Proc- Natl. Acad. Sci. U.S. A., 
80, 278-282 (1983). DNA fragm^ts from normal beta-globin g^es were 
subjected to hybridisation conditions in the presence of radiolabelled syn- 
thetic single-stranded polynucleotide probes 19 nucleotides long, one 
matched, i.e. complementary to the normal gene and one mismatched, i.e. 
complementary to the defective grae. By dioice of suitably stringent 
hybridisation conditions, it was found that the mismatched probe would not 
hybridise- Similarly, the normal probe would not hybridise to DNA frag- 
ments from defective genes. 

Either of the above methods can be adapted foe use in the 
present invention using the enzyme-labelled marker DNA and polynucleotide 
probe as described above in connection with the invention, in place of a 
radiolabelled probe. 

The method of the invention is advantageous over the above- 
described method using biotin-labelled nucleotides, in that the probing 
sequence can be kept short, yet a highly "concentrated" label made by use of 
a long chain enzyme-labelled marker DNA for attachment to the probe. 

The invention can also be used to detect DNA sequences in other 
kinds of cell than blood cells, in particular to detect mutated genes in 
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tumour cells. Besides medical diagnosis, the invention is applicable to 
diagnosis of genes present in bacterial cells, including antibiotic resistance 
genes, and to plant cell genes- It is also useful for detection of RNA 
sequences, for which purpose one could first prepare c DNA or could use a 
stock RNA containing a complementary sequence to that to be detected, 
comprising ribonucleotides. It is also envisaged that gene therapy tech- 
niques yet to be practised may involve the deletion of undesired RNA or 
DNA sequences and their replacement by synthetic polynucleotide se- 
quences. The present invention would enable such polynucleotide sequences 
to be detected, thus confirming that the gene therapy has succeeded- 

The HRPO residue could be linked to the polynucleotide by other 
means than described above. For example, various bifunctional cross-linking 
reagents could be used to link amino groups of the HRPO and the 
polynucleotide, especially N-succinimidyl-3.(2-pyridyldithio)propionate 
(SPDP) available from Pharmacia Fine Chemicals AB. This alternative 
method of linking an enzyme directly to the base groups of a single stranded 
polynucleotide is illustrated by Reaction Scheme B presented hereinafter. 

Briefly, in separate steps both the enzyme and the poly- 
nucleotide are reacted with the SPDP thereby introducing 3-{2-pyridyl- 
dithio)propionyl groups onto -NH2 groups in the enzyme and the poly- 
nucleotide. The substituent groups on the polynucleotide are then converted 
to thiol groups by reaction with dithiothreitol, which thiol groups are 
condensed in the final step with the substituent groups introduced into the 
enzyme to provide a bridging group of the formula 

0 0 

-C-CH2-CH2-S-S-CH2-CH2-C- 



between amino groups in tl^ enzyme and amino groups in the polynucleotide 
bases. 
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The enzymes employed as labels in the present invention are not 
limited to glycoproteins and could be for example alkaline phosphatase, 
beta-galactosidase, beta-glucosidase, urease or luciferase. Such enzymes 
can also be linked to singled strand polynucleotides by covalent bonding, 
using bonding techniques analogous to those employed in bonding them to 
antibodies. Bifunctional reagents, e.g, SPDP mentioned above, could be 
used for this purpose. 

For some enzymes, at least, the detecticHi means will very 
desirably include means for amplifying the enzyme signal or activity. Such 
means include using the «izyme to trigger a reaction producing detectable 
fluorescence, e.g. as from alkaline phosphatase and umbelliferyl phosphate, 
or diemiluminesrance, e.g. as from luciferase with luciferin and ATP. 
Alternatively the enzyme can be used to trigger a reacticm or series of 
reactims, whicii may include feedback to the primary reacticKi, giving rise 
to a detectable product. Such methods are known from European 
Applicatim 49606 (CH. Self) and PCT /^plication WO/8100725 {The Prince 
Charles Hospital Development Centre Trust, Queensland, Australia). 

The marker polynucleotide will normally be DNA or comprise 
DNA nucleotides and can have any reasonable length, e.g. it can be a 
fragmmt produced from a cloning vector by restriction, ot a synthetic 
polynucleotide- In principle it is desirable to use a length of at least 2.5 
kilobases, preferably from 5 to 15 kllobases, in order to provide a large 
number of points of attachment for the enzyme group and therefore a strong 
signal. The marker polynucleotide must be single-stranded over at least the 
erizyme-carrying part thereof as base-pairing would not ordinarily permit 
enzyme groiq) attachment- Conveni^tly it is single-stranded substantially 
throughout its length, although it is conceivable that it might have a double- 
stranded pcMTtion at its terminus if it was decided to attach it to a 
polynucleotide probe, also having a double-stranded portion at a termius, by 
annealing. 
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The tails preferably present on the enzyme-labelled poly- 
nucleotide and the probe are conveniently poly(dT) and poly(dA), either way 
around, but could be poly(dC) and poly(dG), either way around- When the 
enzyme-labelled polynucleotide has a dT tail, and the probe a dA tail, it is 

5 suggested that the probe should have a much longer tail than the enzyme- 
lablled polynucleotide, preferably at least twice as long. Thus, a dA tail of 
about 200 nucleotides on the probe and a dT tail of about 50 on the enzyme- 
labelled polynucleotide is suggested- More generally, with a fairly long tail 
length on the probe it should be possible to hybridise several enzyme- 

10 labelled polynucleotides to a single probe molecule, thereby further increas- 
ing the strength of the enzyme signal. 

The probe polynucleotide contains the desired single-stranded 
complementary sequence and is conveniently single-stranded over substan- 

15 tially its entire length. The complementary sequence must be long enough 
to be specific for the sequence to be detected, which means preferably at 
least 12 nucleotides for most bacterial genomes and at least 14 nucleotides 
for most human ones even where the sequence to be detected differs from 
other possible sequences only by a point mutation. Preferably it is up to 19 

20 or 20 nucleotides long. As the tail is preferably at least 20 nucleotides long, 
the minimum number of polynucleotides in the probe will usually by 12 + 20 
= 32 or 1* + 20 = 3^^. 

The method of the invention has an in-built versatility or 
25 "universal" nature, because the same enzyme-labelled marker polynucleotide 
can be used for attachment to a variety of probes specific to a variety of 
genetic disorders. Thus one can prepare large numbers of probes without 
having to label them in a series of individual separate operations specific to 
each. Moreover, it is contemplated that if the tails of the marker 
polynucleotide are kept reasonably short, more than one molecule thereof 
can be attached to each molecule of the probe, thus increasing the 
"concentration" of the enzyme label. 
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The probe could be prepetred from double-stranded DNA identical 
in sequence to the two strands of a gene sequence to be detected. On 
denaturation of the ds-DNA, the two strands would then be hybridisable to 
the two strands of the gene sequence to be detected- 

The probing sequence of its ds-precursor can be produced by 
cloning it in a plasmid or phage to isolate small molecules comprising the 
desired sequence. Alternatively such molecules could be synthesised chemi- 
cally or isolated from a polynucleotide of the kind which is to be detected. 

The following Examples illustrate the invention- 

EXAMPLE 1 

Preparation of CTzyme-labelled single-stranded DNA 

STEP A: First 0.8 mg of horseradish peroxidase is oxidised with 0.2 ml of 
IS mM sodium periodate for 20 minutes at room temperature. The cis- 
glycol groiq>s in the stgar side-chains of the glycoprotein are thereby 
oxidised to aldehydes. The oxidised HRPO is then dialysed overnight, at 
*°C, against 200 ml of I mm sodium acetate buffer pH ^A. 

STEP B: Single-stranded phage M13 DNA is elongated using terminal 3'- 
deoxynucleotidyl transferase, ("TdT"), as described by Deng and Wu, Nucl. 
Acids Res- 9, 4173, (1981), 70 microlitres of the single-stranded M13 DNA 
are added to 18 micromoles of dTTP and 3 microlitres of TdT (from P-L 
Biodiemicals) are added. After 2 hours at 3Q^C, this produces a tail on 
average of 70 dT nucleotides attached to the 3'-end of the Ml 3 DNA. 

STEP C: 80 micrograms of the poly (dT)-t ailed single-stranded phage DNA 
M13 obtained in Step B are dissolved in 0.2 M sodium bicarbonate buffer, pH 
9.5, and the oxidised HRPO obtained In Step A is addedj the resultant pH 
should be between 9 and 9.5, to avoid peroxidase-peroxidase cross-linking. 
The mixture is stirred for 2 hours at room temperature, during whidi time 
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the aldehydes in the HRPO react with the amino groups in the DNA bases to 
form Schif f bases. 

After 2 hours the imine linkages of the Schif fs base are reduced 
5 by addition of 20 microiitres of 5 mg/mi sodium borohydride for 2 hours at 
W^C. HRPO-DNA conjugates are then separated from free enzyme by gel 
filtration through a "Biogel A-5M" column, 10 mm x 200 mm. The column 
was pre-equiiibrated and eluted with 0.1 M Sodium phosphate, 0.1 M sodium 
chloride pH 7.0. By this method at least '^O molecules of HRPO have been 
10 coupled to the tailed DNA while retaining a specific activity of 80% of the 
activity before coupling. 

EXAMPLE 2 

15 The preparation of enzyme-labelled DNA using commercially 

available N-succinimidyl 3-{2-pyridyldithio) propionate (SPDP) as the cross- 
linking reagent is illustrated as follows: 

STEP A; 4 mg of horseradish peroxidase (HRPO) is dissolved in 2 ml 
20 sodium phosphate buffer (0.1 M, pH 7.5) and sodium chloride (0.1 M). A nine 
fold molar excess of SPDP is added to the stirred HRPO solution and 
allowed to react for thirty minutes at room temperature- A nine fold molar 
excess of SPDP to HRPO results in approximately one SPDP molecule 
substituted per HRPO molecule. Excess SPDP and by-product N-hydroxy- 
25 succinimide are removed by gel filtration through a "Sephadex G-25" column 
(10 mm x 150 mm). Peak fractions containing HRPO substituted with SPDP 
are pooled. The level of substitution with SPDP can be checked at this 
'stage by taking a 200 microiitre aliquot of the HRPO-SPDP solution and 
reacting it with dithiothreitol (50 mM final concentration) for twenty 
30 minutes at room temperature. The consequent release of the pyridine-2- 
thione is followed spectrophotometrically by noting an increase in absor- 
bance at 3^3 nm. Release of pyridine-2-thione is directly proportional to 
the leve of substitution with SPDP. 
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STEP B; 100-200 microgram of RAF 16 DNA is dissolved in 2 ml sodium 
phosphate buffer (0.1 M pH 7.5) and sodium chloride (0.1 M). A five 
thousand fold molar excess of SPDP to DNA is added to the stirred DNA 
soluticffi and allowed to react for thirty minutes at room temperature. A 
five thousand fold molar excess of SPDP to DNA results in one SPDP 
molecule substituted every 20-30 bases. Excess SPDP and by-product N- 
hydroxysuccinimide are removed by precipitating the SPDP substituted DNA 
with 2.5 volumes of ethanol and 0.1 volumes of 3 M sodium acetate pH 4.5 
at -70°C for thirty minutes- The substituted DNA is washed twice with an 
equal volume of 70% ethanol, dried under vacuum and finally dissolved in 1 
ml of sodium phosphate buffer (0.1 M pH 7.5) and sodium cdiloride (0.1 M). 
The 2-pyridyl disulphide groups in the SPDP substituted DNA are then 
reduced by adding dithiothreitol to a final concentraticxi of 50 mM and 
Incubating at room temperature for twenty minutes. Again the release of 
pyridine-2-thicwie can be followed spectrophotometrically and the level of 
substituticMi of the DNA by the reduced SPDP can be calculated. Pyridine- 
2-thione and dithiothreitol are removed from the substituted DNA by 
precipitating with ethanol at -70^C as described previously. The resultant 
thiol-subsituted DNA is dissolved in 0.5-1 ml sodium phosphate buffer (0.1 M 
pH 7.5) and sodium chloride (0.1 M). 

STEP C: The thiol containing DNA produced in Step B and the SPDP 
substituted HRPO obtained in Step A are mixed and incubated at 15°C for 
24-36 hours. Again, the reacticffi and degree of cross-linking can be 
estimated from the increase in absorbance at 343 nm due to the release of 
pyridine-2-thicwie. The HRPO-DNA conjugate is separated from free 
enzyme by gel filtration through a "Biogel A-5M" column (150 mm x 220 
mm). The column is pre-equilibrated and eluted with sodium phosphate 
buffer (0.1 M pH 7.5) and sodium chloride (0.1 M). 

In a final step the HRPO-DNA conjugate in obtained in Step C is 
elongated with a poly(dA) or poly(dT) tail using terminal 3'-deoxynucleotidyl 
transf«-ase (TdT) as in Example 1- In an alternative procedure, particularly 
when a poly(dT) tail is used, the DNA can be tailed before the reaction with 
the SPDP as in Step B. 
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EXAMPLE 3 

Preparati<yt of enzyme-labelled poly(dA)-tailed polynucleotide 

The procedure of Example 1 is repeated except that 18 micro- 
moles of dATP are used instead of the dTTP in Step B and that Steps B and 
C are carried out in reverse order, that is to say the oxidised HRPO 
produced in Step A is reacted wih the single-stranded polynucleotide M13 

5 DNA to form a HRPO/M13 DNA conjugate before attachment of the 

poly(dA) tail. This reverse order is necessary to ensure attachment of the 
HRPO to the base groups of the M13 DNA and leaving the base groups of the 
poly(dA) tail free for subsequent hybridisation with a poly(dT)-tailed poly- 
nucleotide probe. In this Example incubation of the 18 micromoles dATP 

10 with the HRPO/M13 DNA conjugate in the presence of the terminal 
transferase (TdT) at 30°C for 30-^0 minutes produces a poly(dA) tail of 
approximately 270 dA nucleotide bases attached to the 3'-end of the 
HRPO/M13 DNA conjugate. 

15 EXAMPLE » 

PreparaticHi of the polynucleotide probe 

For experimental purposes the DNA to be detected is assumed to 
20 be a sequence complementary to a sequence present in linearised DNA 
obtained from the well-known E. coli plasmid pAT 153. This sequence can 
be regarded for the purposes of simple illustration as analoguous to a "W" 
sequence occurring in the beta-globin genes. Accordingly pAT 153 can be 
regarded as containing a sequence analoguous to "c W", i.e. the comple- 
25 mentary sequence capable of hybridisation to W through base-pairing. 

To 5 micrograms of the plasmid pAT 153, which is commercially 
available, in 20 microlitres of 50 mM Tris HCl at pH 8, 10 mM magnesium 
chloride, 50 mM sodium chloride and 200 micrograms per ml of bovine serine 
30 albumin, are added 5 units of Pst I. Pst I cleaves pAT 153 at a single 
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restriction site, producing a double-stranded linear DNA molecule of just 
under ^,000 bp in length. The restriction Is carried out at 37^C for 1 hour 
and the DNA is purified by precipitaticMi from ethanol as described above. 
The ds-DNA is taUed using 3'-TdT, as described above. Example 1 Step B 

5 except that dATP (18 micromoles) is used in place of dTTP. After 2 hours 
at 30*^C the mean tail length Is* 200 dA nucleotides- The ds-pAT 153 - 
poIy(dA)-tailed probe DNA is then electrophoresed through a 1% agarose gel 
at 50 V for 12 hours and the gel is treated with alkali to denature the DNA 
which is then transferred by Southern blotting onto cellulose nitrate filters. 

^0 These are then baked at 80°C for 2 hours to immobilize the ss-DNA. 
Amounts of ss-DNA from 250 nangrams down to 1.5 picograms, i.e. down to 
a minimum of 0,6* attomoles of the poly {dA)-t ailed plasmid pAT 153 DNA, 
are thus affiled and immobilized onto the cellulose nitrate filters. 

EXAMPLE 5 

Example * is repeated except that 18 micromoles of dTTP are 
used in place of dATP to produce a single-stranded poly(dT)-tailed pAT 153 
DNA probe. 

20 

EXAMPLE 6 

Hybridisation of mzyme-labelled polynucleotide 

and the polynucleotide probe 
25 . 

The poIy(dA)-tailed pAT 153 DNA-containing filters obtained in 
Example * were prehybrldised as follows: the filters were first washed with 
an aqueous 0.^5 M NaCl, 0.06 M sodium citrate solution at pH 7.5 (3xSSC) at 
37^C for 30 minutes, and then for 3 hours at *0*^C with 3xSSC additionally 
COTitaining 0.1% sodium dodecyl sulphate (SOS), ^proximately 2-5 ml. 
Denhardts reagent (0.2% Ficol, 0.2% polyvinylpyrrolidione, 0.2% bovine 
serum albumin), and 50 microgrammes per ml of denatured herring sperm 
DNA. 
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After prehybridisation the filters were transferred to 50 ml of 
the latter solution additionally containing also 0.1 microgram/ml of the 
M13-dT-taiied-HRPO reagent produced in Example 1. Hybridisation was 
carried out at *0^C for 3 hours. The filters were then washed four times, 5 
5 minutes each, with 2xSSC (an aqueous solution containing 0.3 M sodium 
chloride, 0.0^ M trisodium citrate) and 0.1% SDS at room temperature. 

The filters were allowed to dry and then stained using 2.5 mM 
tetramethyl benzidine and 0.75 mM H2O2, in 0.05 M HCl. Within 15 

10 minutes, spots were clearly visible on all places where pAT 153 DNA has 
been applied indicating hybridisation of the enzyme-labelled polynucleotide 
to the poly(dA)-taiied pAT 153 DNA. The enzyme-labelled polynucleotide 
had 300 residues of HRPO per M13-poly T molecule. Hence the maximum 
amount of HRPO which could have hybridised to 0.6^ attomoles of dA-tailed 

15 pAT 153 would be 192 attomoles. 

Quantitative tests have established that 250 attomoles of HRPO 
will give sufficient colour intensity to be visible to the naked eye within 5 
minutes. Since at least ^^0 molecules of HRPO can be linked to one 
20 molecule of Ml 3, this implies that the method can detect 8 attomoles of 
M13 (assuming the HRPO molecules bound to the Mi3 are 80% active). 

In a repeat of the above procedures, similar results were 
obtained using the poly(dT)-tailed pAT 153 DNA probe of Example 5 and the 
25 HRPO-labelled, poly (dA)-t ailed M13 DNA of Example 3. 

Protocol for a diagnostic method in accordance with the invention 

10 micrograms of sample DNA, for example, from a human 
^0 patient and containing a nucleotide sequence to be detected are digested 
with appropriate restriction endonuclease and electrophoresed through 
agarose gel. The DNA fragments are transferred to nitrocellulose by 
"blotting"; hybridised (at 65°C) to an excess of a poly(dA)- or poly (dT)-t ailed 
ss-polynucleotide probe containing the complementary sequence. The 
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excess probe is removed by washing. The resultant duplex is then hybridised 
via its poly(dA) or {dT)-tail to excess HRPO-Ml3-poly(dT)-tailed reagent 
(Example 1) or HRPO-M13-poly(dA)-t ailed reagent (Example 3), as appro- 
priate, at ^O^G* The DNA is thereby labelled with the enzyme. The excess 
HRPO-labelled reagent is then removed from the product by washing and 
the presence, or absence, of the enzyme label on the sample detected as 
described above. 

This protocol, i-e. Involving hybridisation of the proi>e to the 
sample, prior to the hybridisation of the enzyme-labelled polynucleotide to 
the probe is preferred because the hybridisation of the probe to the sample 
usually requires stringent conditions, notably a high temperature, which may 
no necessarily be withstood by the enzyme label. Accordingly, it is 
preferred to attadi the probe to the sample, and then hybridise the enzyme 
label to the probe usually under less severe ccmditicHis whi<±i will be more 
easily withstood by the enzyme- 

Whilst the methods particularly cfescribed herein utilise HRPO as 
the enzyme label, and the subsequent detection of any enzyme associated 
activity in the labelled sample by staining using tetramethyl benzidine and 
hydrog^ peroxide, other enzyme labels may be used and other detection 
methods used without departing from the scope of the invention as claimed. 
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CLAIMS 

I. A method for the detection of a given nucleotide sequence in a 

polynucleotide, which comprises contacting the {>olynucleotide under the 
hybridisaticxT conditions with a polynucleotide probe comprising a single- 
stranded nucleotide sequence complementary to the sequence to be detected 

5 and a reactive tail capable of undergoing coi^Jling with an mzyme-labelled 
marker, coupling said marker to said tail, before or after hybridisation of 
the probe with said polynucleotide, assuming the presence therein of the 
given sequence, and determining the presence, or absence, of enzyme- 
associated activity in the sample after the said hybridisation with the probe 

10 and the said coupling of the marker to the probe, wherein the marker 
comprises a polynucleotide having a single-stranded portion to which the 
enzyme is attached by means of chemical linkages to one or more of the 
base gnDups in said single-stranded porti<»i and a polynucleotide tail, the said 
probe likewise comprising a polynucleotide tail, the reactive tails of the 

15 probe and the marker both comprising nucleotide sequences differing from 
said complementary sequence and from the sequence to be detected, and 
wherein the probe is coupled to tte marker by coupling the polynucleotide 
tail of the probe to the polynucleotide tail of the marker. 

20 2» A method according to claim 1, wherein the polynucleotide tails 

of the probe and the marker are both single-stranded nucleotide sequences 
complementary one to the other, but neither .being complementary to the 
sequence to be detected, and wherein tte coupling of the probe to the 
marker is effected by hybridisation of the tail of the marker to the tail of 

25 the probe. 

3. A method according to claim 2, wherein the polynucleotide tails 

of the probe and the marker are both homogeneous nucleotide sequences 
complementary one to the other. 
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*. A method according to claim 3, wherein one of the poly- 

nucleotide tails is a poly(dA) tail and the other is a poly(dT) tail. 

5- A method according to any one of claims l-'f, wherein the 

5 marker comprises a glycoproteinaceous enzyme directly linked to the base 

groups of the single-stranded portion of the polynucleotide by means of 
chemical coupling between the glycollic groups of the glycoprotein to the 
amine groups of the nucleotide base groups. 

10 A method according to claim 5, wherein the enzyme is horse- 

radish peroxidase* 

7. A method according to claim 6, wherein the marker is HRPO 

labelled, single-stranded, poiy(dA) or poly(dT)-tailed phage M13 DNA. 

15 

8- An enzyme-containing polynucleotide marker comprising a 

single-stranded polynucleotide sequence having one or more enzymatically 
active groups chemically linked to the base groups of said single-stranded 
polynucleotide sequence. 

20 

9. A marker according to claim 8 further comprising a poly- 
nucleotide tail. 

10. A marker according to claim 9, wherein said tail is a single- 
25 stranded polynucleotide tail capable of hybridisation with another poly- 
nucleotide possessing a single-stranded nucleotide sequence complementary 
to that of said tail. 

11. A marker according to claim 10, wherein the polynucleotide tail 
30 consists of or comprises a homogeneous polynucleic acid sequence. 

12. A marker according to claim 11, wherein the polynucleotide tail 
is a poly{dA) or poly(dT) tail. 
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13- A marker according to any one of claims 8-12, wherein the 

enzymatically active groups is or are derived from a glycoproteinaceous 
enzyme, and each group is attached to the single-stranded polynucleotide 
sequence by chemical bonds between glycoilic groups in the glycoprotein and 
5 amine groups in the base groups of said polynucleotide sequence. 

14. A mark«- according to any one of claims 8-13, wherein the 

enzymatically active groups is or are horseradi^ peroxidase groups- 

10 15. HRPO-labelled, single-stranded, polyCdA) or poly{dT)-tailed 

phage M13 DNA. 

16. A kit for the detection of a given nucleotide sequence in a 
polynucleotide sample comprising, as a first component, a polynucleotide 

15 probe comprising a single-stranded nucleotide sequence complemmtary to 
the sequence to be detected and a polynucleotide tail, and as a second 
component a marker comprising a polynucleotide having a single-stranded 
porticffi to the base groups of whic±i is or are attached one or more 
enzymatically active groups, and a polynucleotide tail, the two tails being 

20 capable of coupling one to the other before or after hybridisation of the 
probe with the sample. 

17. A kit according to claim 16, wherein both the probe and the 
marker have single-stranded polynucleotide tails, the tail on the probe being 

25 complementary to that on the marker. 



18. A kit according to claim 16 or 17, wherein the marker is ah 

enzymatic marker as claimed in any one of claims 11-15. 
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